Introduction
The sweet potato, Ipomoea batatas (L.) Lam., is an important crop [1] , but, the conventional breeding program based on sexual hybridization of this plant species has not been developed well because of its sterility and cross incompatibility. To overcome the limitations, novel approaches such as somatic hybridization and genetic transformation must be incorporated into sweet potato breeding.
On the other hand, sweet potato is an attractive plant species as a target of `molecular farming' because of its high production yield of biomass. Recent developments in genetic engineering enable the production of various biomolecules such as carbohydrates, fatty acid, high-value pharmaceutical polypeptides, industrial enzymes and biodegradable plastics from other organisms in transgenic plants [2] . Transgenic plants may become attractive and cost effective alternatives to microbial and animal systems for the production of biomolecules.
In sweet potato, an efficient and reproducible transformation system has not been established, although a few reports on the production of transgenic plants has been published [3] [4] [5] [6] [7] [8] .
We have established an efficient method for embryogenic callus production from meristem tissues of sweet potato using altered plant growth regulators, picloram, dicamba or 4FA in the medium [9] . Our preliminary experiments suggested that these embryogenic calli could be suitable target materials for 
Discussion
In the present study we succeeded in the transformation of sweet potato mediated by A. tumefaciens.
There are various factors which affect the transient GUS expression on embryogenic callus of sweet potato cv. Kokei 14. We examined three factors, inclusion of acetosyringone, culture period of embryogenic calli before bacterial inoculation and the differences of Agrobacterium strains, and confirmed that all of these factors affected the transformation efficiency of sweet potato cells. The most interesting finding was the differences in transformation efficiency among the bacterial strains. The transient GUS expression varied with the bacterial strain. A. tumefaciens strain LBA4404 harboring a 'super-binary' vector pTOK233 has been reported to be a more efficient strain than EHA101/pIG121-Hm in rice transformation [12] and A. tumefaciens strain R1000 harboring pRiA4 and pBI121 an efficient strain for transformation of Ipomoea trichocarpa [13] , a wild relative of sweet potato. However, A. tumefaciens 'super -virulent' strain EHA101 has the advantages in genetic transformation of sweet potato using embryogenic callus. Gama et at. [8] also succeeded in obtaining transgenic sweet potato plants by using same bacterial strain, EHA101. Recently, Murata et al. [5] and Okada et al. [7] obtained transformed sweet potato plants from electroporated-protoplasts and biolistic transformed suspension cultures, respectively. However, some problems such as genotypic differences in transformation efficiency and inefficient selection of transformed cells still remain. Moreover, transformation by direct gene transfer methods such as electroporation and particle bombardment often leads to complex integration of multiple copies of the introduced genes [18, 19] . The production of the transgenic plants having a low copy number (one to three) of integrated genes by A. tumefaciens-mediated transformation method presented here was an advantage of this method.
In contrast to the direct gene transfer method, Newell et al. [6] obtained seven transgenic plants from 140 disks of storage roots of sweet potato cv. Jewel by Agrobacterium-mediated transformation. The storage root may not be a good material for obtaining regenerated plants in sweet potato, because the culture responses varied among the genotypes and moreover cultivars with the ability to regenerate plants from storage root disks were rare [20] . Using the present transformation method of sweet potato, based on the culture system of embryogenic callus induction from meristem tissue at high frequency using the medium containing 4FA, more than 50% of meristem tissues formed embryogenic callus in all eleven cultivars tested [9] . Therefore, the method of A. tumefaciens-mediated transformation using embryogenic callus might overcome the genotypic differences in genetic transformation of sweet potato.
Although, it is difficult to compare the results of Gama et at. [8] in which they selected transformed embryogenic cells by using kanamycin, in this study the transformation efficiency have been considerably improved by using hygromycin for the selection of transformed cells.
We have obtained transgenic Kokei 14 plants possessing the coat protein gene of sweet potato feathery mottle virus [21] , a severe pathogen of Kokei 14 in Japan. The A. tumefaciens-mediated gene transfer system using embryogenic callus may be useful as a routine method for the genetic modification of sweet potato.
